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Fr9m the tropopause to about 80 km, the maj-or source of
radiative heating in the atmosphere is thc; absorption of sunlight by
ozone, This absorption occurs in the Hartley (2000 R - 3000 X),

Huggins (above 3000 &) and Chappuis ( 5000 & - 7000 &) bands

" (Craig, 1965, p. 168; also Craig, 1950) and is only slightly tempera-

ture and pressure dependent, Consequently,.. to a high degree of

approximation one may write | .
A -Ku . . . .
1 =1 e Y E ' ‘ (1)
\Y Voo .
and .
Q= SK I nd) | | (@)
vV
» .
where :

Q = heating in ergs/sec cm

z 4
u = S ndz/cos
where . ~ u = optical depth in cm NTP

0= zenith anglé

n = ozone density in (cm NTP/cm.) ,
- Kv = absorption coefficient (cm NTP)”1

‘ o . : 2
Iv06 = insolation (incident solar intensity)(ergs/cm sec X)

. . 2
Iv = intensity (ergs/cm sec &)
. A = wavelength 1in R

z = heipght (cm)

4 This expressicn is appropriate only for a {flat atmosphere and must
be modified to take sphericity into accouni.
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Distributions of Ivoo and Kv are shown in 'Fig‘s. 1-3. The quantity Q/n
' 1 is solely a function 6f u, and for the choice of spectral data shown
in Figs. 1-3 leads to the distribution of n with u shown in Fig. 4, As
noted in Lindzen and Goody (1965) there are two regiox}'s of the atmos-
pﬁere where n may be approximated by a c.onstant:'
| i) above 2bout 4-5 km ;uhere u { 2510"° ¢m NTP we are in a
region which 'isv almost transparent for ‘all ozone bands.
Hence, ozone band radiation is not significantly attentuated
and the heating is largely due to ozone's strongest band, the
Hartley band
ii) below about 30 km whe‘re 0.3cm NTP Yu ) 0.15cm N'I"P,
most radiation in the Hartley and ﬁuggins bands has been
absorbed but the atmosphere is still almosf transparent for
the Chappuis which dominates the heating. >
The question now arises as to whether a simple expression exists
which describes both regions of '.'const;zmt" n a:s well as the transition
between them., We, moreover, wish a convenient way of relating
parameters in the expression to spectral data. Now, in the regions
of constant n, depends only on average values of spectral intensi-

ties and absorption cocfficients for the Hartley and Chappuis bands.

Thus a simple solution might be to use average values for I and k ,
: Vv Y

5

N.B. Figure 4 is misleading on this matter since it includes values
of u which greatly exceed the atmosphere's total ozone content; such
values could be important, however, in tirme dependent calculations
where © may approach w/2. . '

o
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appropriate to the Hartley and Chappuis bandé, in (lA) and (2) modelling
both bands as simple Chapman layers (Craig, 1965, .pp. 14-.7-'-150). One
then obta.tins for 7 the followi;lg exp‘reséion .

¥

=LK M e +IK A e ¢ . (3)

where II‘.fKH and Ic' Kc are average Iv' KV for Hartley (}.I) and Chappuis
(c) bands and A}\H, N‘c are the bandwidths taken for these bands. For

the range of u's relevant to the earth's atmosphere, KH, I, Kc and Ic

H
.can be chosen to accurately model the re.gim;xs of constant n, (3) will

then also describe the transition between the two regions. Ux;fc;rtunately,
the accuracy of such an approximation provéd ;.>oor in the transition zone
because of the importanceA of the.Ht.Jggins bands in that zone. Modelliqg
the Huggins bards proved reasonably simple. From Fig. 2 we see that

K is almost a linear function on a semi-log plot. Th;.ls we may write

v

K =k e S (4)

K M are constants of the straight ling on the semi-log plot.

Taking for I , an average over the Huggins bands, I
\Y

Hu' we can easily

integrate (2) obtaining
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where A long and A short are the wavelength limits used for the
Huggins bands.

Thus an improved approximation to n consists in the sum of (3) and

(5 ), namely

=K. u “K.u
- K
M IHKHA )\He + IC CA )\Ce
, e o TRLONG . T 'SHORT
+ Hu [e “Hu . e Hu '(6)
Meu '

Expression (6) has, in principle, a substantial number of adjustable
paraméters: the widths of the Hartley, Huggins and Chappuis bands,

'ic" I_, and ¥ __and Kc'. If one merely estimates these parameters

H' Hu H

e

;)n the basislof Figs. 1-3, we 'obtainAa unif;)rm 20 perck_aﬁt accuracy in
apﬁroximating Fig. 4. Hox;lever, with a little experimentation we were
able to choose ;:hcse parameters so as to oiotain'the appfoximation
shown in Fig, 4 which, in g-eneral,' has ab;)ut a &.percént accuracy,

&

The paramete;;s chosen are shown in Figs. 1-3. The fc.ﬂlowing' formulae
. . ' ]
should prove useful when dealing with more recent or better data than

that shown in Figs. 1-3.°



Hartley bands:
I1.=9 ergs/cmz sec &
H .
KH = 260 cm NTP'-1 = 80% (k maximum for Hartley) (7)
v ' '
Bhgy = 375 R
Chappuis bands:
Ic = 180 ergs/crn2 sec &
' Kc = 0,116 cm NTP“1 = 80% (KV maximum for Chappuis) (8)
A, = 1650 R
_Huggins bands:
17
K = 1. 99x10
M = 0. 0126
I, =53 r- /cmzs R - : . ()
Hui ergs ec . L

AsHORT ~ 27%° &

A LONG = 3400 &

Although our formulae for the Huggil;xs bands are not explicitly
in a form which would permit adaptation to other data, the method of
choosihg the parameters, discussed earlierin fhis note, is obviously
;,da'pt'able. We chose to model Craig's (1951) so.mewhaf outdated calcu-
Jation simply because complete spectrai infc;rmation was conveniently
avaiiable for his calc'u.lati‘on. This ca..se is sufficient to demonstrate
that ozone heating can be accurately modelled by two Chapman layers
plus a fnodiﬁed Chapman layer for the Huggins banas, which is our

main result.
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FIGURE LEGENDS

Fig. 1. The solid curve, taken from Craig (1950), shows the
sp;:ctr:;).l distribution of incoming solar radia'ti.;n. .;klso shown
are the average values of intensity and band limits uséd in our
modelling procedure.

,Figo. 2; The solid curve .sh.ows absorption by ozone a.;; a function
of wavelength for the Hartley and Huggins bands (as taken from Craig,
1950). Also shown (dashed curves) are the appro;cin;xations to the ab-
sorp;cion used in our. modelling prolcedure.

Fig. 3. Same as Fig. 2 but for Chap‘pui.s band,

Fig. 4. Speciﬁ.c heating, mn, due to ozone as a fun;:tion of ol.atical

depth, u. Solid curve represents Craig's' (1951) calculation; dashed

curve represents our analytic formula,
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